We evaluated the potential of a vastus lateralis muscle flap in controlling infection after resection arthroplasty of the hip. We retrospectively reviewed 119 patients with 120 chronic infections after resection arthroplasty treated with this procedure. The flap was fixed with Mitek anchors in the acetabular cavity. The mean duration of infection after resection before the muscle flap procedure was 6.5 months (2 to 13). The patients had previously undergone a mean of 4.9 operations (2 to 25). In all patients the infected cavity was the origin of the persistent infection. The mean follow-up was for 2.6 years (1.0 to 4.7).
There has been a marked increase in the number of total hip replacements (THRs) undertaken during the last few decades. 1, 2 In Germany alone, about 220 000 primary THRs were carried out in 2008. 3 This increase has been accompanied by a rise in the number of associated complications. [4] [5] [6] If an arthroplasty becomes infected it may be possible to treat this successfully. The rate of successful control of infection by revision hip arthroplasty is between 80% and 100%. [7] [8] [9] [10] [11] [12] However, in a substantial number of patients revision does not control the infection, and this usually leads to resection arthroplasty. [13] [14] [15] This may not always be successful and function may be poor, with infection persisting in 4.5% to 25% of cases. 2, 13, 16, 17 We believe this is probably due to residual infection in the cavity after resection of the hip joint, and describe our results of treating such patients with a vastus lateralis muscle flap interposition procedure.
Patients and Methods
We retrospectively reviewed 119 patients with 120 chronically infected hips treated with a vastus lateralis muscle flap between January 1994 and 2008. The procedure was performed in 54 women and 65 men after earlier removal of the THR. The mean age at time of surgery was 75.4 years (37 to 91). Of the 119 patients, 113 had been transferred to our hospital after failure of previous treatment to control the infection, and six had been treated in the BG Trauma Centre Ludwigshafen. 16 They had undergone a mean of 4.9 (2 to 25) previous operations for sepsis and 2.3 (one to four) revision arthroplasties of the hip before treatment in our hospital. The mean duration of infection after hip resection arthroplasty and treatment with vastus lateralis muscle flap was 6.5 months (2 to 13). Before treatment a microbiological investigation of the wound was performed by means of a smear test with Gram staining. Of the 119 patients, six had miscellaneous infections (Table I) . Clinically, there was no difference in the presentation of patients with miscellaneous or single infections. Although an infection was clinically present, a microbiological diagnosis could not be made in seven (6%) patients, who were treated as if they had a proven infection.
All the patients routinely underwent clinical, radiological and ultrasound assessments and measurement of CRP.
There were a substantial number of comorbidities (Table II) . Surgical technique. The operation was performed with the patient supine, and the previous incision was always used. Tissue biopsy and a smear test with Gram staining were routinely performed. All diseased tissue was removed by radical debridement. After debridement and extensive lavage of the infected cavity with a pulsed jet, the skin incision was extended to enable a wider approach to the acetabulum. The cavity was lavaged again and then packed with pledgets soaked with Lavasept solution (B. Braun AG, Melsungen, Germany), a 20% polyhexanideconcentrate, using 0.02% polyhexanide per litre of Ringer solution. The incision was then extended further to the lateral femoral condyle and the fascia incised and retracted. On the anterior aspect of the vastus lateralis muscle the main bundle of vessels was located subfascially about 12 cm below the inguinal ligament. 16, [18] [19] [20] If this had not been damaged by previous surgery, dissection of the muscle could begin. If the vessels had been damaged, preparation of the flap was discontinued and the procedure terminated by debridement of the cavity. The interval between the vastus lateralis and the vastus intermedius was developed by sharp dissection; vastus lateralis was detached distally and mobilised proximally. It was dissected free from the greater trochanter while preserving the proximal perforator vessel, so that it could be used as an island flap with its two dominant nutrient vessels. After removal of the Lavasept packing, two 2.9 mm × 1.8 mm Mitek SuperAnchors (Mitek Products Inc., Ethicon, Westwood, Massachusetts) were placed cranially and caudally in the acetabulum (Fig. 1) . In all cases a 10 cm × 10 cm collagen and gentamicin-based antibiotic (RESORBA GmbH, Nürnberg, Germany) with a load of 2.21 mg to 2.86 mg gentamicin per cm 2 was inserted into the cavity (Fig. 2) . After positioning of the Redon drain (B. Braun), the muscle was rotated on its vascular bundle and inserted into the infected cavity and fixed using anchor sutures so that the cavity was completely filled with muscle. All wounds were closed with sutures without tension. Compression of the veins at the point where the vascular pedicle was rotated could have led to muscle necrosis. In order to avoid this partial split-skin grafting was sometimes necessary. Any excess skin was resected to minimise the risk of creating a new cavity. The donor site defect was closed by sutures after positioning the Redon drain and achieving haemostasis. We avoided elastic bandages because they might have caused venous stasis in the flap and subsequent necrosis. Intra-operative blood loss was estimated by the amount collected by suction aspiration. Post-operative management. Appropriate intravenous antibiotic treatment, mostly cefuroxime, was given for 14 days. Depending on sensitivity, weight, the bacteria concerned and their resistance pattern, different combinations and dosages of antibiotics were used.
Prior to 2000, patients had a hip-bridging external fixator or supracondylar femoral traction for 21 days until the flap was healed, and only partial weight-bearing of 20 kg was allowed for six weeks after which full weight-bearing was permitted. Since 2000, the patients have been immobilised in bed for two weeks in a slighty elevated supine position until removal of the sutures. They have then been mobilised partially weight-bearing with a walker or crutches. After six weeks, full weight-bearing using a stick was allowed. The mean period of hospitalisation was 32 days (21 to 58). No patient died during the hospitalisation period and none left the hospital with a discharging wound. They were reviewed regularly until full weightbearing had been achieved and the wounds showed no swelling, redness or drainage.
At a mean of 2.6 years (1.0 to 4.7) after the procedure the patients were sent a survey containing four questions. In view of the high rate of comorbidities we chose not to use a standard score. We therefore asked patients about their subjective assessment of pain on a visual analogue scale (1 to 10, 0 = no pain) before and after surgery, recurrence of infection, the improvement in walking distance and for a subjective evaluation of their quality of life after surgery.
The response rate was 63.1% (75 patients). Patients were contacted twice by mail, and in the case of no response by telephone. If the patient's address had changed, the registration office was contacted. During the follow-up period 29 patients died, but this was not related to sepsis, and 16 were lost to follow-up. Statistical methods. Statistical analysis was performed using SPSS version 16.0 for Windows (SPSS Inc., Chicago, Illinois) and Wilcoxon's non-parametric signed-ranks test. A p-value of < 0.05 was considered statistically significant.
Results
The mean operating time was 75 minutes (61 to 145) and the mean intra-operative blood loss was 850 ml (550 to 1750). None of the patients had any indication of infection during the follow-up period, and all wounds healed unremarkably. The white cell count, ESR and CRP were normal. Ultrasonography did not reveal any collection of fluid or any other suspicious findings.
The mean pain score improved from 7.5 (4.2 to 10) preoperatively to 6.2 (3.5 to 9.7) post-operatively (p < 0.005). There was no recurrence of infection. On average the postoperative walking distance did not increase, remaining between 500 m to 2000 m. All patients used crutches. All believed that their quality of life with respect to their hip had improved. Three patients with Streptococcus pyogenes infections showed a slightly increased temperature within a mean of two weeks (one to four) after surgery before returning to normal.
Four patients had a further THR after the vastus lateralis muscle flap, two of them in another hospital. None of these four patients experienced a recurrence of infection. Complications. In 20 of the 119 patients (17%) further surgery was required to evacuate a haematoma at the donor site (Table III) . These wounds healed uneventfully. No problems were encountered with the flap in the acetabular cavity. One flap failed in a 30-year-old man who had undergone more than 25 previous operations to the hip. During one of these operations the nutrient vessels of the vastus lateralis muscle must have been destroyed. Scarring in the operative field made it impossible to identify the vessels. He was subsequently treated with a free flap. Another 30-year-old male alcoholic patient had a temperature of 39°C for three days following operation. An MR scan showed changes suggestive of an abscess in the flap region. The wound was explored and the flap removed, but no abscess was found. Intra-operative smear tests with Gram staining did not demonstrate any bacteria and the flap was replaced. No further problems occurred, and two years later a THR was performed without further recurrence of infection. The 'abscess' seen on the MRI was reassessed as oedema surrounding the flap (Fig. 3) . Three patients developed erysipelas and a high temperature up to six months after surgery. In one woman this occurred three times over the course of two years. The MR scan showed no suspicion of infection. All three patients were treated with high doses of penicillin, which controlled the infection.
Discussion
The treatment of an infected THR remains one of the great challenges in orthopaedic surgery. Persistent infection after resection arthroplasty of the hip is difficult to treat. This study shows that the vastus lateralis muscle flap may be used as a salvage procedure in these cases.
The limitation of this study is the lack of a scoring system to measure the functional deficit after a vastus lateralis muscle flap. This cannot be achieved because the patients are mostly old, with multiple comorbidities, and have had many previous operations on the hip joint. A score to classify the functional outcome in these patients needs to be developed. The Harris hip score (HHS) 20 is not applicable under these circumstances.
We observed no significant improvement in function, thereby confirming the results of Rodriguez et al. 21 The infection rate after primary THR is between 1% and 2%, and is higher after revision arthroplasty. 22, 23 In patients with persistent infection following a revision procedure, resection arthroplasty remains an option [24] [25] [26] with rates of healing varying between 73% and 100%. [27] [28] [29] There are only a few reported studies describing infection after resection arthroplasty being treated with a vastus lateralis muscle flap. 16, 18, 19, 30 The primary cause of persistent infection is contamination in the cavity after removal of the THR. The logical approach is to fill the cavity with a tissue that has a good blood supply, such as a muscle flap. There are different options: free flaps may be indicated in exceptional cases 6, 31 and require microsurgical techniques. Local myocutaneous rotation flaps are ineffective as they are too short and do not fill the cavity completely. 17 A combination of gluteus medius and tensor fascia lata muscle flaps has been described. 17 Morbidity of the donor site is a problem after harvesting these flaps. The gluteus medius is a major stabiliser of the hip and the tensor fascia lata and rectus femoris muscles do not have sufficient volume to fill large cavities. 24 The rectus abdominis has also been used but there are no long-term reports describing the effects on the abdominal wall after harvesting this muscle. 33 The vastus lateralis muscle flap can be used as a perforator flap and, rarely, as a free flap. 18, 19, 31, 32 The size of this muscle and its constant blood supply make it ideal for filling the infected cavity after resection arthroplasty. The flap is easy to harvest and its use after a Girdlestone procedure is well described. 33 This muscle has two main anterior proximal nutrient vessels. Normally, these vessels are not damaged by previous surgery to the hip. Used as an island flap, this muscle has adequate range and sufficient volume to fill the infected cavity completely.
The vastus lateralis muscle flap should be considered early on in the treatment of persistent infection after resection arthroplasty. However, two-stage revision remains the optimum treatment for an infected THR, and the use of a spacer can provide adequate function with eradication of the infection in 96% of cases; and it allows the possibility of a straightforward second-stage procedure. 12, 22, 34 Four of our patients underwent THR, 1 to 1.5 years after a vastus lateralis muscle flap, without recurrence of infection.
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